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By applying the statistical formulation of the plasma 
turbulence, the strong current-diffusive interchange mode 
turbulence is analyzed. This method allows us to 
examine the connection between the thermally-excited 
fluctuations and the turbulent fluctuations of CDIM. 
The case is studied here in the presence of both 
the thermal excitation (with collisional effects) and the 
turbulent fluctuations (with nonlinear drag effects). The 
eigenvalue equation has been solved analytically in 
various limits [1]. The interpolation (fitting) formula 
for the deccorelation rate "'1[Yv' Go] , 
is employed according to [1], where Ilv = f-tN + f-te and 
Ile = f-tNe + f-tee· The first term in the right hand side is 
destabilization by the current diffusivity, the formula for 
which was derived for the small dissipation limit. The 
second term in the right hand side represents the damping 
by viscosity. Equation (1) can be rewritten as 
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by use of normalized gradient Go = £ l y-;/13 Go. 
The fluctuation level and the eddy damping rate 
is related to each other, Yv(Yv + Yv,e) Ii!I! k~Jk. The 
extended FD Theorem of the first kind, is simplified as 
( COYv) () -"'1--2- 11 k = f-tve T (3) 
In presenting the amplitude, a normalized quantity 
is used. 
IA - k6 y- 2 I 
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In the presence of the thermal fluctuations and 
turbulence driving source of CDIM, the relation between 
the fluctuation level i and the nonequilibrium parameter 
G (J and the temperature is governed by the equations (1)-
(4). Expressing the fluctuation level in terms of y v' the 
extended fluctuation dissipation theorem, eq.(3), can be 
rewritten as 
( _ CoYv t ( ) _ 3 -
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with new normalized temperature t E kiY-;~ T. 
The influence of the thermal excitation on the 
fluctuation level is shown in Fig.l for the case of 
Co = 0.6. As the temperature increases, the hysteresis 
tends to disappear, and the curve i[Gol becomes a 
monotonic function of Go. 
The temperature at which the hysteresis 
disappears is evaluated to be t - 0.01 for the parameters 
of f-tv!f-tec = Jmlme = .j 1836, and Co = 0.6 . 
When the gradient is weak and the value of Go 
is extremely small, Go «1 , the excitation of CDIM is 
possible only by the thermal fluctuations. In this case, 
the level II ( k) = k -; t is determi ned by the thermal 
noise and is proportional to the temperature. 
Finally, the phase diagram is shown on the 
T - Go plane (Fig.2). The manifold of the cusp is 
. projected on the plane. The regions denoted by Th and 
Tu correspond to those dominated by the thermally 
excited fluctuations and turbulent fluctuations, 
respectively. The point C corresponds to the critical 
point. In the region B, both fluctuations are possible to 
exist. 
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Fig.1 fluctuation level i[ Gol is shown as a function of 
Go for various values of i . 
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Fig. 2 Phase diagram is shown on the T - Go plane 
References 
[1] Itoh, K., et al.; Plasma Phys. Contr. Fusion 38 
(1996) 2079. 
[2] Itoh, S.-1. and Itoh, K.; Research Report IPP IIII240 
(Max-Planck-Instit. fur Plasmaphysik, 1998) 
221 
